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Sir: 



I hereby state as follows: 

1 . My experience and qualifications are as follows: 

Chemical Engineer 

Scientific Advisor for Infant Nutrition Products 



2. I am one of the named inventors of the above-identified patent application and am 
therefore familiar with the inventions disclosed therein. 

3. I have reviewed the outstanding Office Action dated November 9, 2010 pending 
against the above-identified patent application. In addition to considering the outstanding Office 
Action, 1 have reviewed the references cited therein, as well as the pending claims. 

4. The present claims are directed, in part, to infant or follow-on compositions. The 
present claims provide a unique combination of protective nutrients with a view to ensuring 
growth and metabolic patterns similar to those of breast-fed infants. The present compositions 
aim at achieving such a result by adapting the formula in such a way that the physiological effect 



of consuming the improved formula is closer to the physiological effect of consuming breast 
milk. In this regard, it has been surprisingly found that the combination of a protein source 
containing modified sweet whey protein ("MSW") in an amount of at least 40% of the proteins 
and a probiotic leads to certain unexpected and surprising beneficial effects. 

5. Specifically, unexpected and synergistic effects between the protein source and 
the probiotic in the formulas of the present claims have been surprisingly discovered. The 
synergistic effects between the protein source and the probiotic provide a gut microflora in 
infants that is similar to that found in breast-fed infants. The improved microflora is rapidly 
established and maintained in infants fed a formula according to the present claims. 
Additionally, these results have now been demonstrated clinically. 

6. Attached hereto as Exhibit 1 is a poster presented at the 2005 meeting of 
NASPGHAN, which illustrates the fecal Bifidobacteria counts of infants fed breast milk 
compared to those of infants fed a formula described as NAN, which is an infant formula 
produced by an affiliate of Applicants. The NAN formula has a protein source that is 60% 
MSW. As illustrated, it can be seen that the amounts of Bifidobacteria in the stools of the 
formula fed to infants was comparable to that for the breast-fed infants. 

7. Also attached hereto as Exhibit 2 is the Abstract submitted to PAS 2008, which 
describes the results of a separate clinical trial in which the fecal counts of infants fed a 
conventional infant formula (i.e., without MSW) as compared to that of infants fed the NAN 
formula, and with that of infants fed the NAN formula supplemented with a strain of 
Bifidobacterium longum. It is clearly shown that the amount of Bifidobacteria in the stools of 
the infants fed the NAN formulas was significantly higher than the conventional formula. The 
study has established that an even better result was obtained with the formula containing MSW 
and B. longum as regards the important criterion of colonization with Clostridia sp. Specifically, 
analysis of the stools showed that 97% of the infants fed the conventional formula were 
colonized with Clostridia compared with 93% of those fed unsupplemented NAN and only 86% 
of those fed NAN supplemented with B. longum. This is a significant reduction in the level of 
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colonization with Clostridia sp, which, as noted above, as regarded as undesirable constituents of 
the infant intestinal microflora. 

8. The effects of administering the NAN compositions to infants as compared to the 
NAN formulations with probiotics are further detailed in the publication attached hereto at 
Exhibit 3. The publication describes a prospective, controlled, double-blind, randomized trial 
performed on healthy, full-term infants that were exclusively fed a control formula or study 
formulas containing certain bacteria. The control formula of the trial was the unsupplemented 
formula known as NAN, as described above. The study formula groups included various 
combinations of probiotics and synbiotics. The objective of the trial was to evaluate infant 
formulas containing probiotics and synbiotics for safety and tolerance. Safety and tolerance 
were assessed based on weight gain during the treatment period (primary outcome), as well as 
recumbent length, head circumference, digestive tolerance, and adverse events (secondary 
outcomes), which were evaluated at 2, 4, 8, 12, 16 and 52 weeks of age. 

9. Two hundred eighty-four infants were enrolled in the randomized trial of Exhibit 
3. During the treatment period, difference in mean weight gain between control and study 
formula groups in both the intention-to-treat and per protocol populations were within the 
predefined equivalence boundaries of ±3.9 g/d, indicating equivalent weight gain. Secondary 
outcomes did not show significant differences between groups during the treatment period. 
Interestingly, however, whereas during the treatment period there were no differences in the 
frequency of symptoms of gastrointestinal intolerance, diarrhea, and other adverse events 
between infants of any of the study formula groups and those in the control formula group, at the 
1-year follow-up, infants in the group that received the formulas containing probiotics has 
significantly few incidents of diarrhea. Surprisingly, the decrease in the incidence of diarrhea 
was observed several months after infants had stopped taking the probiotic-supplemented 
formula. 

1 0. The specification further demonstrates that the compositions of the present claims 
provide many unexpected nutritional benefits. For example, as discussed in the specification, the 
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present compositions provide for a better protein utilization, a plasma amino acid pattern close to 
that of breast-fed infants, and adequate growth rates. The improved amino acid profile of the 
present compositions results in better protein utilization, as is shown by the higher percentage of 
nitrogen retention found in infants fed with a formula according to the present claims as 
compared with infants fed a regular whey-adapted formula. This is clearly illustrated by Table 5 
in the specification. 

1 1 . The specification further discloses that the present compositions provide a protein 
content that meets the needs of normal term infants during the first months of life without 
excessive energy intake or increased body mass index, present a reduced load on immature 
organs of infants, and improve stool consistency and reduce the frequency of hard stools. 

1 2. In contrast to the present claims, the cited references fail to disclose or suggest the 
above-identified benefits of the combination of the MSW and probiotics. At no place in the 
disclosures of Kuslys, Van Hoey-De-Boer, Wilson, Holm, Ishibashi, or Kratky do the references 
disclose or suggest the unexpected and synergistic results provided by the present compositions. 

1 3. Further, the skilled artisan would have no reason to combine the cited references 
to arrive at the present claims because the references are directed to unrelated products that have 
completely different objectives. For example, Kuslys is entirely directed to a composition having 
casein and whey protein that may be used as a replacement for human milk, while maintaining a 
similar protein concentration. Kratky is entirely directed to a composition having whey protein 
that may be used as a replacement for human milk, while maintaining a similar protein 
concentration. Van Hoey-de-Boer is entirely directed to a nutritional preparation for use in 
treating disorders of the gastrointestinal tract without the need of determining before hand which 
microorganism is responsible for the disorder. Van Hoey-de-Boer provides a list of potentially 
helpful bacteria and optimum conditions for the growth of same. Wilson is entirely directed to 
the use of a composition having a synergistic prebiotic comprising oligofructose and 
sialyllactose. The composition may be used to inhibit the binding of pathogenic microorganisms 
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to human tissue. As such, the cited references are directed to entirely distinguishable 
compositions that are used for entirely distinguishable purposes. 

1 further declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001, Title 18, United States Code, 
and that willful false statements may jeopardize the validity of this patent and any patent issuing 
therefrom. 





Print Name SECRETIN, Marie-Christine 
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Abstract Proof 

CONTROL ID: 172855 

CONTACT {NAME ONLY): Florence Rochat 

PRESENTATION TYPE: Poster Only 

CATEGORY: Nutrition/Nutrition Support 

Abstract 

EFFECT OF A FORMULA WITH ADAPTED PROTEIN PROFILE ON INTESTINAL MICROBIOTA 
AND GROWTH OF INFANTS 

AUTHORS (ALL): Florence, Rochat Brown, C. A. 3 ; Hager, C. l ; Puccio, G ; Fazzolan- 
Nesci, A. 2 ; Barclay./. D^ 1 ; Haschke, F. 4 . 
INSTITUTIONS (ALL): 1. Nestec, Lausanne, Switzerland. 

2. Neonatologia, Institute di Ostetricla e Ginecologia dell'Universlta, Palermo, Italy. 

3. Nestle, Glendale, CA, USA. 

4. Nestle, Vevey, Switzerland. 

?heTote C cIiv B e°e?fect of the breast-milk may be partly attributed to the J«^«ti« of the 
intestinal microbiota provided by this mode of nutrition. The microbiota of formula-fed 
nfanls differs from that of breast-fed infants. Although the main b.fidoger «c effc« <»f b east- 
milk has been attributed to the non-protein fraction, it is now recognized that it is due to a 
cot set Cf inter-acting factors, among which the type and level of protein (standard 
formula 2.5g; human milk 1.8g/100Kcal). Aims. To evaluate if a ^ a ^ h ""^^ 
protein profile, enabling to an amino acid profile more s.m.lar to human milk (cons J^n t^ith 
the international recommendations) may provide a similar growth and Mestmal m.crob ota 
compared to human milk. Subjects and methods Non- randomized Pc 
newborn infants less than 28d of age (21 breast-fed 27 bott a- ed ) -The £ttje- fed infants 
received ad libitum a NAN formula with adapted protein profile t 1 • 8 9{ 1 f rrTm birth 

followed until the age of 120d. The breast-fed infants were exclusively breast-fed from birth 

^60 ^ 3d of age Anthropometric data and fecal bacteria counts (Bifidobacteria, Lactobacilli 
and Enterobacterial evaluated by FISH and/or by plating techniques) were measured. 
Results test formula with adapted protein profile provided sat isf. ctory 9^ "P ° 
120d compared to the Euro-Growth data, and favored the bifidobacteria P°P ul f ' 0 " t0 /* a e c d b . 
alevei similar to that of the breast-fed infants at 60d. Fecal bifidobacteria counts >n .bottled 
fed vs. breast-fed infants obtained by FISH and culture plates were 8.6 £0.6 vs. 8.8 ~Uf 

p = 0 33) and 7 2 * 3.3 vs. 7.8 ±3.2 log cfu/g of feces (p = 0.53), respectively. Likewise, the 
o^her bacterial populations were not affected by the mode of feeding cone fusion. Infants fed 
Starter formula with adapted protein profile had normal growth and intestinal microbiota 
similar to that of breast-fed infants. 

http://na S pghan. a b« 2005-05-3. 
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Title: Influence of infant formula composition on early development of intestinal microbiotta 

JM HASCOET, MD 1 , C HUBERT, MD 1 , C B'OSCHAT, PhD 3 , S GAGA, MD 1 , F RGCHAT, PhD 3 , H 
LEGAGNEUR. PhD 2 , MC BUCHWEILLER, RN' and P STEEIMHOUT, MD*. (Sponsored by Jean- 
Michel HASCOETj'Neonatology; 'Biology, Maternite Regionale Universitaire, NANCY, France; 
3 Nestle Research Center and 4 Nestle Nutrition, Nestec Ltd, Vevey, Switzerland. 

Background: in term infants, breast-feeding induces the development of a microbiota rich in 
bifidobacteria while formula-fed babies are often colonized by a more diverse microbiota. It was 
suggested that this gut ecosystem contributes to the development of the mucosal immune response 
and the lower incidence of intestinal infection observed in breast-fed infants. Therefore, new formulae 
attempt to mimic the bifidogenic effect of human milk via supplementation with pre and/or probiotics or 
a composition closer to that of human milk 

Objective: to compare the bifidogenic effect of a standard control formula with that of Nan®, a formula 
with a composition close to human milk, and investigate an equivalence between Nan® and Nan® + a 
probiotic. Bifidobacterium longurn (BL999; Morinaga milk Japan) 

Design/Methods: double blind, randomized, controlled trial of 3 groups: control formula; Nan® with a 
30/70 Casein/Whey ratio (vs. 70/30 for the control), an aminogram closer to human milk's (Threonin • 
Tryptophane) allowing lower protein content (1.8 vs. 2.5g/100Kcal), lower phosphate (31 vs. 
70mg/100Kcal) and higher lactose levels (1 1.1 vs. 4.5g/100Kcal); Nan® + BL999 (2x10' cfu/g): 
Healthy singleton term infants enrolled within the first week of life received the study formulae for 4 
months Exclusion criteria included antenatal antibiotics, prenatal antibioprophylaxts, antibiotic 
treatment at the time of enrolment or up to 5 days previously and throughout the study. Primary 
outcome was bifidobacteria counts, measured by FISH method, In stool samples at 2 months of age. 
Results are expressed as log CFU/g: Median [ICR] . . 

Results: at 2 months of age, bifidobacteria counts were significantly higher in the groups receiving 
Nan® (10 0(0 8] p<.0001, n=33) or Nan®+BL999 (9.8(1.4], p<.001, n=33) than control formula 
(9 2[3 51 n=35) In addition, 17%, 21% vs. 33% had bifidobacteria levels under detection limit 
a0E+6). At 1 month of age bifidobacteria stool levels were 9.9(0.8) (p<0001), 9.6(1.1] (p< 0001) vs. 
8 7|3 1] for Nan®. Nan®+BL999 and control formula respectively. 

There was no significant difference between the Nan® and the Nan®+BL999 groups at 1 or 2 months 
(p= 0.22 and 0.15 respectively) ,...„„„ 
Conclusions: these data show that an infant formula with a composition closer to human milk s more 
bifidogenic than a standard formula and is equivalent to a formula supplemented with bifidobacteria. 
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Assessment of the safety, tolerance, and protective effect against 
diarrhea of infant formulas containing mixtures of probiotics or 
probiotics and prebiotics in a randomized controlled trial 1-4 

Jean Pierre Chouraqui, Dominik Grathwohl, Jean Marc Labaune, Jean Michel Hascoet, Ines de Montgolfier, 
Michele Leclaire, Mariana Giarre, and Philippe Steenhout 



ABSTRACT 

Background: Probiotics and prebiotics are considered to be bene- 
ficial to the gastrointestinal health of infants. 
Objective: The objective was to evaluate infant formulas containing 
probiotics and synbiotics (combinations of probiotics and prebiot- 
ics) for safety and tolerance. 

Design: In a prospective, controlled, double-blind, randomized trial, 
healthy full-term infants were exclusively fed a control formula or 
study formulas containing Bifidobacterium longum BL999 (BL999) 
+ Lactobacillus rhamnosus LPR (LPR), BL999 + LPR + 4 g/L of 
90% galactooligosaccharide/10% short-chain fructooligosaccha- 
ride (GOS/SCFOS), or BL999 + Lactobacillus paracasei ST1 1 
(ST1 1) + 4 g/L GOS/SCFOS from <2 to 16 wk of age (treatment 
period). Safety and tolerance were assessed based on weight gain 
during the treatment period (primary outcome) as well as recumbent 
length, head circumference, digestive tolerance, and adverse events 
(secondary outcomes), which were evaluated at 2, 4, 8, 12, 16, and 
52 wk of age. 

Results: Two hundred eighty-four infants were enrolled. During the 
treatment period, difference in mean weight gain between control 
and study formula groups in both the intention-to-treat and per- 
protocol populations were within the predefined equivalence bound- 
aries of ±3.9 g/d, indicating equivalent weight gain. Secondary 
outcomes did not show significant differences between groups dur- 
ing the treatment period. 

Conclusion: Infants fed formulas containing probiotics or synbiot- 
ics show a similar rate in weight gain compared with those fed a 
control formula and tolerate these formulas well. Am J Clin 
Nutr 2008;87:1365-73. 

INTRODUCTION 

Breastfed infants are generally healthier than formula-fed in- 
fants, especially with respect to their ability to fend off infections 
(1). Some of the health benefits of human milk have been attrib- 
uted partly to factors that modulate the development of a normal 
gut microbiota (1). These factors, which include complex oligo- 
saccharides, are thought to selectively stimulate the growth of 
bacteria considered to be beneficial, such as bifidobacteria and 
lactobacilli (2, 3), and inhibit the growth of potentially patho- 
genic bacteria (4, 5). 

Hence, the development of improved infant formulas has fo- 
cused on emulating the beneficial effects of breast milk by, 
among other approaches, supplementing formulas with specific 



probiotics or oligosaccharides (prebiotics) that selectively stim- 
ulate the growth or metabolic activity of potentially beneficial 
indigenous bacteria such as bifidobacteria. A number of clinical 
studies in which the formula of infants was supplemented with 
probiotics suggest that some probiotics may indeed have bene- 
ficial effects in managing and preventing gastrointestinal (GI) 
infections and diarrhea (6-10), prevent the onset of allergy, and 
be useful in the treatment of atopic disease (1 1, 12). The potential 
benefits of prebiotics are multifaceted; in addition to enhancing 
growth of indigenous bacteria, prebiotics are fermented in the 
large intestine, yielding short-chain fatty acids (SCFAs). These 
create an acidic environment that inhibits growth of potentially 
pathogenic bacteria (13) and also serve as an energy source for 
the gut epithelium (14). Furthermore, it has also been suggested 
that SCFAs aid the absorption of magnesium, calcium, and iron 
(15, 16). 

The combination of probiotics and prebiotics (synbiotics) has 
been proposed to have a synergistic effect by both ensuring 
survival of delivered probiotics and stimulating the growth of 
selected indigenous bacteria (13, 17). However, clinical studies 
showing the effects of feeding synbiotics to infants are scarce. A 
recent study (18) has shown that a standard infant formula sup- 
plemented with a mixture of a probiotic {Bifidobacterium lon- 
gum BL999) with the prebiotics galactooligosaccharide (GOS) 
and short-chain fructooligosaccharide (SCFOS) is safe and well 
tolerated by healthy infants. In the current study, we aimed to 
systematically evaluate 3 formulas containing different mixtures 
of the probiotics B. longum BL999, Lactobacillus rhamnosus 
LPR, and Lactobacillus paracasei ST 1 1 as well as a rr 



1 From the Gastroenterology andNutrition Unit, Departmentof Pediatrics, 
Centre Hospitalier Universitaire de Grenoble, Grenoble, France (JPC); the 
Nestle" Research Center, Lausanne, Switzerland (DG, MG); the H6pital de la 
Croix Rousse, Lyon, France (JML); the Service de Neonatologie; Maternite 
Regionale, Nancy University, Nancy, France (JMH); the HSpital d'Enfants 
Armand Trousseau, Paris, France (IdM); the Service de Neonatologie, Hopi- 
tal de La Conception, Assistance Publique, Hopitaux de Marseille, Marseille, 
France (ML); and Nestle Nutrition, Vevey, Switzerland (PS). 

2 Mariana Giarre is deceased. 

3 Supported by Nestle Nutrition, Vevey Switzerland. 

4 Address reprint requests and correspondence to JP Chouraqui, Pediatric 
Gastroenterology andNutrition, CHU de Grenoble, BP217-38043, Grenoble 
Cedex 07, France. E-mail: jpchouraqui@chu-grenoble.fr. 
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probiotics and the prebiotics GOS and SCFOS for their safety 
and effect on the incidence of diarrhea in infants. The benefit of 
L. rhamnosus LPR in the prevention and treatment of diarrhea is 
well documented in clinical studies (19) and has been reviewed 
(9, 20, 21). B. longum BL999 is a human GI tract isolate that is 
currently consumed as part of some milk-based products. It has 
been used safely in clinical studies in both infants and adults and 
has been shown to transiently colonize the gut of infants after 
antibiotic treatment without causing any side effects (22-24). 
Finally, L. paracasei ST11, an isolate from a healthy infant, has 
also been safely used in infants and has been shown to be useful 
in ameliorating nonrotavirus-induced diarrhea (25, 26). 



SUBJECTS AND METHODS 
Subjects 

Subjects were healthy infants recruited from mothers who had 
chosen not to breastfeed and had decided to feed their infants 
exclusively with formula from the time of enrollment until in- 
fants were at least 1 6 wk old. To be included in the study, infants 
had to be healthy, full-term (gestational age between 37 and 42 
wk), < 14 d old, singletons, and weigh between 2500 and 4500 g. 
Infants were excluded from the study if they had major deformi- 
ties or cardiovascular, GI, renal, neurological, or metabolic ill- 
nesses; had required hospital admission for intensive care or for 
>3 d; were born to mothers with diabetes; or if their parents were 
expected to have difficulty complying with the feeding regimen. 

This study was conducted in accordance with the principles 
and rules of the Declaration of Helsinki and adhered to Good 
Clinical Practice guidelines of the International Conference on 
Harmonization. It was approved by the Ethics Committee of 
Grenoble (7 April 2004), and written informed consents were 
signed by parents or legal guardians before enrollment. 

Trial design 

The current study was a prospective, double-blind, reference- 
controlled, parallel-group, randomized trial, conducted in 5 cen- 
ters in France: CHU of Grenoble; Hopital de la Croix Rousse, 
Lyon; Service de Neonatologie, Maternite Regionale, Nancy; 
H6pital d'Enfants Armand Trousseau, Paris; and Service de 
Neonatologie, Hopital de La Conception, Marseille. The total 
treatment period lasted =8 mo (15 October 2004 to 21 June 
2005), and each infant was treated for 14-16 wk. 

On enrollment, infants were assigned into 1 of 4 groups by 
block randomization using sex and center as strata. Formulas 
were coded by the sponsor, and both the investigators and the 



infants' parents were blinded to the formulas. Each group re- 
ceived either a control formula lacking any probiotics or prebi- 
otics, or one of 3 study formulas containing different mixtures of 
probiotics or synbiotics: B. longum BL999 and L. rhamnosus 
LPR (group BL999 + LPR); B. longum BL999, L. rhamnosus 
LPR, and GOS/SCFOS, (group BL999 + LPR + GOS/SCFOS); 
or B. longum BL999, L. paracasei ST11, and GOS/SCFOS 
(group BL999 + ST11 + GOS/SCFOS). Baseline measure- 
ments were taken at enrollment, and parents received the corre- 
sponding formulas for their infants, along with instructions on 
preparation and feeding. During the treatment period (0-4 mo) 
infants were fed ad libitum exclusively with their allocated for- 
mulas starting on the day of enrollment (1-14 d of age) through 
1 12 d (16 wk) of age. Follow-up visits took place when infants 
were 1 1-17, 28-42, 49-63, 77-9 1 , 1 05-1 19, and =365 d old (2, 
4, 8, 12, 16 and 52 wk, respectively). The observational period 
consisted of data from 1 6 to 52 wk (4 tol 2 mo). 

Parents kept daily records of the infants' intake of formula, 
supplementary foods, and any medication or treatments. Three 
days before and following a visit, parents also recorded stool 
characteristics, frequency of flatulence, and behavior of infants. 
At each visit investigators took anthropomorphic measurements; 
reviewed compliance (based on diet records kept by parents and 
by comparing the number of cans of formula issued with the 
number remaining at each visit), intake, and infants' tolerance 
(based on records kept by the parents); and assessed any incidents 
of morbidity. 

Formulas and bacterial strains 

All of the formulas were powdered starter formulas in- 
tended for full nutritional support of infants from birth to 6 mo 
and contained the same amounts of protein, carbohydrate, fat, 
vitamins, minerals, and long-chain polyunsaturated fatty ac- 
ids. The control formula was unsupplemented formula (Nan; 
Nestec SA, Konolfingen, Switzerland), whereas the study 
formulas were control formula supplemented with mixtures of 
probiotic bacteria strains or probiotics and prebiotics (Table 
1). The probiotic strains were B. longum BL999 (ATCC: 
BAA-999 designation BB536, Morinaga, Japan), L. rhamno- 
sus LPR (CGMCC 1.3724), and L. paracasei ST11 (CNCM 
1-2116), with the number of colony-forming units in each 
formula shown in Table 1. The prebiotic mixture (0.4 g/100 
mL) contained 90% GOS and 10% SCFOS. All formulas were 
manufactured according to Good Manufacturing Practices 
and packaged by the sponsor. 



TABLE 1 

Probiotic and prebiotic composition of formulas in the different study groups 



Formula group 


B. longum BL999' 


L. rhamnosus LPR' 


L. paracasei STll' 


90% GOS/10% 
SCFOS 2 




CFU/lOOmL 


CFU/IOOmL 


CFU/IOOmL 


g/WOmL 


Control 










BL999 + LPR 


1.29 x 10 s 


6.45 x 10 s 






BL999 + LPR + GOS/SCFOS 


1.29 x 10* 


6.45 X 10* 




0.4 


BL999 + ST11 + GOS/SCFOS 


2.58 X 10 s 




2.58 X 10* 


0.4 



; Colony forming unit (CFU) per 100 mL of reconstituted formula. 
2 Grams per 100 mL of reconstituted formula. 
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Measurements 

The primary outcome was weight gain in infants fed the study 
formulas from <14 to 112 d of age. The secondary outcomes 
were recumbent length, head circumference, symptoms of diges- 
tive tolerance (GI symptoms, which included frequency of flat- 
ulence, colic, spitting up, vomiting, and diarrhea and stool char- 
acteristics), and frequency of adverse events (AEs) during the 
treatment period. Additionally, incidence of diarrhea, antibiotic 
intake, and hospitalization during the observational period were 
assessed. Data for the treatment period were based on AE forms 
filled out by investigators and, for the observational period, on 
each infant's personal health record book (carnet de sante) com- 
pleted by the practitioner. 

Investigators measured the weight of naked infants on cali- 
brated electronic scales. Measurements were taken twice during 
each visit (at the beginning and end of the visits) to the nearest 
10 g, and the mean was reported. Investigators also measured 
recumbent length to the nearest 2 mm on standardized length 
boards and head circumference to the nearest 2 mm with standard 
measuring tapes. All investigators had the same brand of scales, 
length boards, and measuring tapes. 

Mean formula intake (mL/d) and measurements of diges- 
tive tolerance were calculated based on the parents' records. 
Digestive tolerance consisted of records of stool frequency 
and consistency (hard, formed, soft, or liquid); frequency of 
flatulence (occasional if <5/d or often if >5/d); frequency of 
vomiting and colic (none, once, or more than twice per day); and 
the occurrence of spitting up. Stool frequency was reported as mean 
occurrence/d, and all other measurements of tolerance were reported 
as the percentage of occurrence of a symptom/characteristic. The 
investigators assessed AEs and the records of digestive tolerance at 
each visit. 

An incident of diarrhea was recorded for infants with at least 
1 diarrhea episode. Diarrhea was defined as the occurrence of 3 
or more loose or watery stools in 24 h, and an episode of diarrhea 
was considered to have ended when there were 2 consecutive 
nonwatery stools or no stools in 24 h. 



AEs 

AEs were defined as illnesses or signs or symptoms of ill- 
nesses (including abnormal laboratory measurements) that oc- 
curred or worsened during the course of the study, and they were 
assessed based on inquiries to the parents and on their daily 
records. All AEs were recorded and evaluated by the investiga- 
tors for causality and severity. AEs were assessed as serious if 
they were life threatening, caused permanent harm, resulted in 
hospitalization or extension of in-patient hospital treatment, or 
were considered to be medically relevant by the investigator. All 
other AEs were categorized as nonserious. AEs were coded using 
the Medical Dictionary for Regulatory Activities, and analysis 
was performed for all enrolled subjects. 

Statistics 

Sample-size calculation was based on the primary outcome, 
weight gain during the first4 mo of life (14-1 12 d). The objective 
was to show equivalence in weight gain using the A = 3.9 g/d 
margin of equivalence (a convention used in previous trials) (18). 
This is the largest acceptable difference, and any difference 
greater than this was considered to be clinically relevant. To 



show weight gain as significant on an a-level of 5%, the two- 
sided 90% CI of the treatment difference had to fall entirely in the 
-3.9 to +3.9 g/d range. The expected SD of weight gain was 
taken from a previous trial, with a = 6. 1 g/d (1 8). The sample size 
was calculated with n, = 55 per group to maintain a power of 
90%. Taking a dropout rate of 25% into account, 296 infants had 
to be enrolled. The control group was made up of infants re- 
cruited for this study and was an entirely different group from 
infants in the study by Puccio et al (18). The sample-size calcu- 
lation was performed with PASS 2000 (Number Cruncher Sta- 
tistical Systems, Kaysville, UT). 

For the treatment period (0-4 mo), data from all randomly 
assigned infants were used in the intention-to-treat (ITT) analy- 
sis. The per-protocol (PP) analysis also included only data from 
the treatment period but excluded data from subjects if, during 
the study, they had a life-threatening event, were hospitalized >3 
days, were off the study formula >3 consecutive days, were fed 
>1 bottle/wk of a different formula, or took complementary 
food. Primary outcome was analyzed in both the ITT and PP 
populations. Secondary outcomes were analyzed in the PP pop- 
ulation, and safety in the ITT population. For the observational 
period (4-12 mo), only data from infants who followed up to 12 
mo were analyzed. 

Changes in weight (weight gain), recumbent length, and head 
circumference were analyzed by a mixed model correcting for 
sex and center. The mixed model describes the development of 
weight, length, and head circumference over time by a quadratic 
curve, taking into account each subject's intercept and slope 
(random effects). The mixed model was inquired for the slope in 
the middle (day 63) of the treatment period (day 14 to day 112). 
The slope at day 63 equaled the weight gain, calculated by dif- 
ference in weight divided by the difference in age (from day 14 
to day 1 12). The mixed model was used rather than the analysis 
of variance (ANOVA) because it does not have the problem of 
meeting the exact target ages (which varied because of differ- 
ences in the time of visit); takes into account all weight measure- 
ments (at 14, 28, 56, and 112 days); and is robust against drop- 
outs. CI of treatment differences were adjusted for multiple 
comparisons according to Bretz et al (27). Weight-for-age, 
length-for-age, and BMI-for-age z-scores were calculated based 
on the WHO Child Growth Standard (28), which is based on data 
from exclusively breastfed infants. 

Formula intake was analyzed by a mixed model, and a general 
treatment effect was assessed by a likelihood ratio test. Stool 
consistency, flatulence, colic, spitting up, vomiting, incidence of 
diarrhea, antibiotic intake, and hospitalization were analyzed by 
logistic regression, and treatment effects were presented as odds 
ratios. Multiple comparisons were adjusted according to Hom- 
mel (29). For stool frequency, differences between treatment 
groups were analyzed by ANOVA and adjusted for multiple tests 
by Tukey-Kramer. Incidence of infants experiencing at least 1 
AE was analyzed by logistic regression, correcting for center. 

Age of terminating assigned formulas was analyzed by 
ANOVA. Treatment differences between control and experi- 
mental groups were determined and P values were adjusted ac- 
cording to the Dunnett test. ANOVA and logistic regression were 
performed with S AS (S AS Institute Inc, Cary, NC) and the mixed 
models with R 2.1.1 (The R Foundation for Statistical Comput- 
ing, Vienna, Austria). 
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Enrollment and randomization 
n = 284 (ITT) 



Withdrawn n = 17 


Withdrawn n = 10 




Withdrawn n = 16 


Formula change (5) 


Formula change (7) 




Formula change (5) 


AE (2) 


AE(1) 




AE(1) 


Lost in follow up (10) 


Lost in follow up (2) 




Lost in follow up (10 



Withdrawn n = 14 

Formula change (4) 
AE (1) 

Lost in follow up (9) 



I n = M I C 



Completed and analyzed during 1 2 mo 
I (observation period) n = 142 



3 n^n 



FIGURE 1. Flow chart of progression of infants during the study. 



RESULTS 
Subjects 

Two-hundred eighty-four healthy infants were enrolled and 
constituted the ITT population. A total of 57 infants (20%) 
dropped out by the end of the treatment period (at 4 mo of age), 
resulting in a PP population of 227. Dropouts were due to change 
of formula (n = 2 1 ), adverse events (n = 5), and loss in follow-up 
(n = 31) (Figure 1). From 4 to 12 mo of age (observational 
period), an additional 85 infants were lost to follow-up. There 
were no significant differences in the dropout rates between 
groups (Kruskal-Wallis test, P > 0.1). Baseline characteristics, 
other than the mode of birth, were comparable between groups 
(Table 2). More natural births were reported in the BL999 + 



LPR + GOS/SCFOS group compared with the other groups (P = 
0.034). 

Formula intake and growth 

Infants in the different groups consumed similar quantities of 
the study formulas during the treatment period (0-4 mo) (Figure 
2). The age at which feeding with the assigned formulas was 
terminated was significantly later in the BL999 + LPR group 
compared with the control group (mean age 6.56 ± 1.2 mo 
compared with 5.84 ± 0.7 mo, P = 0.045). However, there were 
no significant differences between the other study formula 
groups and the control group. 

Weight gain during the treatment period was equivalent 
among infants in the different formula groups (Table 3). A 



TABLE 2 

Baseline demographic data of infants by treatment group (per protocol data set n = 227)' 



BL999 + LPR 

(n = 60) 



BL999 + LPR + 
GOS/SCFOS 
(n = 54) 



25/28 
47/53 
42/10 
81/19 
39.7 ± 1.3 



(%) 
Birth 

Natural/Cesarean (%) 
Gestational age (wk) 
Weight at birth (kg) 
Length at birth (cm) 
Head circumference at birth 

' Number of infants and percentages or mean ( ± SD). More natural births u 
groups (test on proportions: P = 0.034). 



29/30 
49/51 
46/12 
79/21 
39.5 ± 1.2 
3.4 ± 0.4 
49.8 ± 1.9 



28/26 28/32 0.95 

52/48 47/53 

51/2 44/14 0.025 

96/4 76/24 
39.5 ± 1.2 39.5 ± 1.1 0.38 

3.4 ±0.5 3.4 ±0.4 1.0 

50.3 ± 1.8 49.8 ±2.0 0.57 

34.9 ± 1.4 34.6 ± 1.3 0.42 

re reported in the BL999 + LPR + GOS/SCFOS group compared to the other 
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FIGURE 2. Volume of daily formula intake (.v + SD) during the 



period (PP population). 



comparison of the mean weight gain per day of infants fed each 
of the study formulas with that of infants fed the control formula 
(PP population) showed a treatment effect of 1.41 (90% CI: 
-0.77 to 3.59) in the BL999 + LPR group; 0.82 (90% CI: -1.40 
to 3.05) in the BL999 + LPR + GOS/SCFOS group; and 1.64 
(90% CI: -0.53 to 3.81) in the BL999 + ST11 + GOS/SCFOS 
group. In all cases the two-sided 90% CI interval lay between 
—3.9 and + 3.9 g/d, indicating equivalent weight gain in infants 
fed the control and study formulas. Furthermore, the upper bound 
of the two-sided 90% CI was above -3 g/d in all comparisons, 
fulfilling the safety criteria of the American Academy of Pedi- 
atrics (30). Analysis of the ITT data set showed similar results 
(data not shown). 

Mean changes in length, head circumference, and BMI mea- 
surements during the treatment period were not different be- 
tween all of the study formula groups and the control group (P > 
0.05 for all comparisons, Table 3). A comparison of weight and 
length z-scores with the WHO multicenter growth reference (28) 
showed that, among infants who completed the study to 12 mo, 
z-scores were close to 0 at all times during the study (Figure 3). 
Z-scores were not different from the WHO growth reference for 
all groups in the PP population followed through the treatment 
period (0-4 mo), and no significant differences were observed 



between the control and any of the study formula groups (data not 
shown). Comparison with Euro-growth reference for head cir- 
cumference (31, 32) (WHO standards for head circumference 
were unavailable) also showed that z-scores were not different 
from the standard (data not shown). 

Safety and tolerance 

The incidence of diarrhea during the treatment period was not 
different between the control and study formula groups (Table 
4). However, during the observation period, the incidence of 
diarrhea was significantly lower in the BL999 + LPR group 
compared with the control group (5/37 compared with 13/30). 
The frequency of antibiotic treatment or hospitalization during 
this period did not vary among groups (Table 4). 

During the treatment period, stool frequency was significantly 
higher among infants in the BL999 + LPR + GOS/SCFOS 
group compared with those in the control group (x frequency 
2.1/d compared with 1 .6/d, P = 0.03). Although there was not a 
significant difference in stool frequency between the other study 
formula groups and the control group, infants in the BL999 + 
ST11 + GOS/SCFOS group tended to have higher but not sig- 
nificantly different stool frequencies than those in the control 
group (mean 2.0 versus 1. 6/d, P = 0.06). Furthermore, infants in 



TABLE 3 

Mean (±SD) weight gain and changes in length, head circumference, and body mass index (BMI) during the treatment period (0-4 mo) in the per protocol 
population 

















Girls 






C 


B + L 


B + L + G/F 


B + S + G/F 


C 


B + L 


B + L + G/F 


B + S + G/F 


Formula group 


(n = 25) 


(n = 29) 


(« = 28) 


(« = 28) 


(» = 28) 


(n = 30) 


(« = 26) 


in = 32) 


Weight gain (g/d) 


30.9 ± 6.1 


31.9 ±6.0 


31.5 ±5.9 


32.1 ±5.9 


26.9 ± 6.0 


27.9 ± 6.0 


27.5 ± 6.0 


28.1 ± 6.0 


Length (mm/mo) 


32.6 ± 3.6 


33.4 ± 3.7 


33.1 ±3.7 


34.2 ± 3.6 


31.2 ±3.7 


32.0 ± 3.8 


31.7 ±3.6 


32.7 ± 3.8 


Head circumference (mm/mo) 


18.4 ±2.3 


18.7 ± 2.4 


17.9 ± 2.3 


18.3 ± 2.3 


16.7 ± 2.4 


17.0 ± 2.4 


16.2 ± 2.3 


16.6 ± 2.4 


BMI (kg • m -2 • mo -1 ) 


1.1 ±0.4 


1.2 ±0.4 


1.2 ±0.4 


1.2 ±0.4 


0.9 ± 0.4 


1.0 ±0.4 


1.0 ±0.4 


1.0 ±0.4 



1 C, Control; B + L, BL999 + LPR; B + L + G/F, BL999 + LPR + GOS/SCFOS; B + S + G/F, BL999 + ST1 1 + GOS/SCFOS. 




the BL999 + LPR + GOS/SCFOS group had higher stool fre- 
quency compared with those in the BL999 + LPR group, but this 
difference was not significant (x 2. 1 Id compared with 1 .lid, P = 
0.07). 

During the treatment period, liquid stools occurred signifi- 
cantly more frequently in the BL999 + ST 11 + GOS/SCFOS 
group than in both the control group (odds ratio = 3 . 17, 95% CI: 
1 .59 to 6.30, P = 0.005) and the BL999 + LPR group (odds ratio 
= 2.79, 95% CI: 1.48 to 5.29, P = 0.008). The difference in the 
frequency of liquid stools between any of the other groups was 
not significant. Furthermore, the frequency with which the other 
stool consistencies (soft, formed, hard) occurred in all groups 



were not significantly different. The frequency with which flat- 
ulence, colic, spitting up, and vomiting occurred were not sig- 
nificantly different in the control and study formula groups (P > 
0.1 for all). 

The occurrence of at least 1 serious AE (S AE) was reported in 
24 infants (Table 5), and at least 1 AE was reported in 1 84 infants 
during treatment period. There were no significant differences in 
the frequency of either SAEs or AEs between the different 
groups. Two SAEs involving cow's milk protein allergy was 
assessed as certainly and possibly related to the study formula 
(both in the BL999 + LPR group). Two others, a case of diarrhea 
and a case of gastroesophageal reflux disease, were considered to 
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TABLE 4 

Incidence (0 of diarrhea during the treatment period (0-4 mo) in the ITT population and during the observational period (4-12 mo) in infants who were 
followed up to 1 y 



Period 


Condition 




Control 


BL999 + LPR 


BL999 + LPR + 
GOS/SCFOS 


BL999 + ST1 1 + 
GOS/SCFOS 








<(%) 




>•(%) 




<•(%) 


,•(%) 


Treatment 


Diarrhea 


59 


3(5) 


64 


4(6) 


58 


4(6) 


66 3 (4) 


Observational 


Diarrhea 


30 


13(43) 


37 


5 (13) 7 


39 


10(25) 


35 8 (22) 


Observational 


Antibiotics 


30 


14 (46) 


37 


18 (48) 


39 


16 (42) 


35 18(51) 


Observational 


Hospitalization 


30 


1(3) 


37 


1(2) 


39 


2(5) 


35 0 (0) 



' Significant difference with control group, logistical regression P = 0.03. 



be probably related to the formula (both in the control group). 
The rest of the S AEs (except 4 whose causality were not assessed 
by the investigators) were considered to be unrelated or unlikely 
to be related to the study products. Most (78%) of the AEs were 
respiratory and GI problems (including allergies) and infections. 

DISCUSSION 

In this study we evaluated the safety of 3 infant formulas that 
were supplemented with probiotics or synbiotics. The primary 
outcome, weight gain following 14-16 wk of formula feeding 
(treatment period), was equivalent in the control and study for- 
mula groups. Similarly, changes in length, head circumference, 
and BMI between 0 and 4 mo of age were similar in all study 
groups. Employing additional measures of safety and tolerance, 
we also evaluated the occurrence of various GI symptoms, in- 
cluding diarrhea and the need for antibiotic treatment or hospi- 
talization during the treatment (0-4 mo) and observational 
(4-12 mo) periods. During both periods infants in all groups 
grew normally; weight-for-age and lengfh-for-age z-scores indi- 
cated growth rates comparable to WHO growth standards. Be- 
cause the WHO growth standards are based on healthy, exclu- 
sively breastfed infants, these results are a good indication of the 
nutritional sufficiency of these formulas, though no direct com- 
parison of the value of these formulas with breastfeeding can be 



madebased on our data. Although not statistically significant, the 
differences in z-scores for length at 12 mo suggest that there 
might be a difference in the effect of the 2 formulas containing 
LPR compared with the control. However, our study was not 
designed to detect this difference, and future studies with signif- 
icantly more subjects (424 per group to see a difference of 0.87 
mm/mo, the difference between the BL999 + LPR and control 
groups) will have to be performed to determine whether there is 
a real effect of LPR on length. Furthermore, all of the compari- 
sons in weight gain between study formula and control groups 
showed a trend toward greater weight gain in the former. To see 
a difference in weight-for-age z-scores of 0.1 (which was the 
treatment difference between BL999 + LPR and control group 
after 1 year) as significant with a power of 80%, a new trial with 
2654 infants per group would have to be conducted. A recent 
study (33) specifically evaluating the growth of infants fed for- 
mula containing L. rhamnosus has shown that these infants 
gained weight at a significantly faster rate compared with those 
who were fed a control formula. Whether L. rhamnosus leads to 
increased weight gain needs to be confirmed, but these results 
indicate its safety in healthy infants. 

Interestingly, whereas during the treatment period there were 
no differences in the frequency of symptoms of GI intolerance, 
diarrhea, and other AEs between infants in any of the study 



ts (SAE) presented by preferred term based on coding by MedDRA 

Control BL999 + LPR 

(n = 70) (n = 70) 



Gastroenteritis 

Gastroesophageal reflux disease 

Diarrhea 

Milk allergy 

Febrile infection 

Surgery 

Pyrexia 

Rectal hemorrhage 

Pyelonephritis 

Bronchiolitis 

Drug toxicity 
Inguinal hernia 
Total 



1(1.4) 
1 (1-4) 



1 (1.4) 
7(10) 



1(1.4) 
1(1.4) 
2(2.9) 
1 (1.4) 



2(2.9) 
7(10) 



1 Data refer to the intent-to-treat population during the treatment (0-4 mo) period. A total of 24 infants had one or more SAE. 
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formula groups and those in the control formula group, at the 
1 -year follow-up, infants in the group that received the formula 
containing B. longum BL999 and L. rhamnosus LPR (BL999 + 
LPR) had significantly fewer incidents of diarrhea. It is intrigu- 
ing and, to our knowledge, novel that the decrease in the inci- 
dence of diarrhea was observed several months after infants had 
stopped taking the probiotic-supplemented formula. Even 
though infants in the BL999 + LPR group continued to take their 
assigned formula longer than infants in the control group, they 
had stopped taking the probiotic-supplemented formula by the 
time they were, on average, 6.5 ± 1 .2 mo old. Therefore, this 
finding suggests that the effect of the probiotics in this group may 
have lasted an average of 5.5 ± 0.7 mo after the termination of 
administration. Because other possible confounding factors dur- 
ing the observational period (such as diet) were not studied here, 
it is not possible to attribute our observation solely to the effect 
of probiotics. 

There are numerous studies demonstrating the efficacy of pro- 
biotics in treating or preventing diarrhea (6, 7, 9, 20, 21), includ- 
ing during antibiotic treatment (34). However, the effect of pro- 
biotics following an extended period after intake has been 
terminated has not yet been reported. Although our results will 
have to be confirmed in future studies aimed specifically at ad- 
dressing the long-term effects of probiotics (including microbi- 
ological analyses of stool samples during treatment and control 
for confounding factors), they do suggest that when intake of 
probiotics occurs early in an infant's life (2 wk or younger), there 
may be a long-term beneficial effect on the incidence of diarrhea. 
It is interesting to speculate that administering probiotics very 
early in the infants' lives, when their GI microbiota and immune 
system were still not fully developed, may have influenced their 
microbiota and primed their immune system. By being recog- 
nized as "nonself ' by the immune system, probiotics could have 
acted as adjuvants, increasing the mucosal immune system ac- 
tivity and natural defenses, thereby affecting health at a later 
period. Alternatively, administering probiotics at this early stage 
may have influenced the development of the gut immune system 
and the maturation of the gut itself, which may then have con- 
tributed to the improved ability of infants to resist diarrhea later 
on. Unfortunately, microbiological analysis was not performed 
in this study so we cannot begin to address these possibilities 
here, but it will be an important aspect of future investigations. It 
is surprising that a similar effect among infants in the BL999 + 
LPR + GOS/SCFOS group was not observed. This finding may 
suggest a specific effect of either or both probiotic strains (B. 
longum BL999 or L. rhamnosus LPR). We hypothesize that in 
the BL999 + LPR + GOS/SCFOS group, the prebiotics mixture 
may have dampened the effect of the probiotics seen in the 
BL999 + LPR group by stimulating the growth of other com- 
ponents of the microbiota, thereby effectively reducing the rel- 
ative proportion of the probiotics among the GI microbiota or 
hiding the role of a probiotic in the imprinting of the neonatal 
immune system. A recent publication by Ziegler et al (35) 
showed that a formula supplemented only with prebiotics led to 
significantly higher incidence of diarrhea in the short term (dur- 
ing 30-120 d of feeding) compared with an unsupplemented 
formula. This finding suggests that supplementation with spe- 
cific probiotics may be more beneficial than stimulating the 
growth of a broader population of bacteria. 

The tendency for infants fed prebiotics to have an increase in 
overall stool frequency and in the frequency of liquid stools, 



though statistically significant, bears little clinical relevance be- 
cause these frequencies were all within the normal range for 
infants. Previous studies have shown that GOS/FOS causes a 
slight increase in stool frequency (36, 37) and frequency of loose 
stools ( 1 8, 35, 37, 38). However, it was also shown that there was 
no correlation between the increase in stool frequency and lower 
weight gain in at least 1 study (18). 

Thus, this study confirms the safety of different mixtures of 
probiotics and synbiotics. It also raises the possibility that the 
specific mixture containing B. longum BL999 and L. rhamnosus 
LPR may have a prolonged effect in reducing the incidence of 
diarrhea. 
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